1. The metabolism of fluoride in seedlings and small plants of Acacia georginae has been studied with the idea of finding the conditions under which the plant makes fluoroacetate in the laboratory. 2. Individual seedlings vary in the extent to which they take up fluoride and convert it into a form other than inorganic which is here called 'organic' fluoride, F (org. 
The fluoride metabolism of the Australian Acacia georginae has been studied because of its toxicity to the local cattle (Bell, Newton, Everest & Legg, 1955) due to fluoroacetate (Murray, McConnell & Whittem, 1961; Oelrichs & McEwan, 1961) . There is urgency in this, as losses of animals on a farm may reach £50 000. The best hope of finding some means of averting toxicity lies in getting knowledge of the path of synthesis of the C-F bond. An essential preliminary to this was to study the means of inducing a maximum synthesis of C-F compounds under laboratory conditions, and of examining hypotheses as to possible enzymic paths involved. EXPERIMENTAL Growth of plants. Seeds of Acacia georginae from the Northern Territory (Alice Springs) were grown in the hothouse in pots in a local black loam at about 320, and also in a nutrient solution of the following composition (g./1001.): KNO3, 20-2; Ca(NO3)2, NaH2PO4, 2H20, MgSO4, ; ferric citrate, 2-45; MnSO4,4H20, 0-223; CuSO4,5H20, 0-024; ZnSO4,7H20, 0-029; H3BO3, 0-186; (NH4)6Mo7024,H20, 0-0035; A12(SO4)3,16H20, 0-0186; NiSO4,7H20, 0-0028; CoSO4,7H20, 0-0028. In some experiments the plants were grown under sterile conditions in an identical medium stiffened with agar. To reduce the fungus infection, the seeds were soaked in 0-1% mercuric chloride solution for 5 min. or less before growing.
Methods. Chemicals used were AnalaR where possible.
Fluoride was estimated by Hall's (1963) method in which diffusion from perchloric acid (Singer & Armstrong, 1959) in polythene bottles and collection of the fluoride on filter paper is followed by a modified colorimetric method of Belcher, Leonard & West (1959) . According to Hall (1963, p. 81) , the spread between duplicate fluoride determinations was: 0-5-1-0,g. + 2-5%; 02,ug. ± 3-0%; 0-1 ,ug. + 11% when diffusion occurred to the filter paper from pure fluoride solutions in the 66% perchloric acid. The errors can be expected to be larger on diffusion from plant extracts. The maximum fluoride that can be measured by this method without modification is approx. 1 5,ug./bottle, so that aqueous extracts for diffusion of 1-0 ml. should be diluted to contain 03-1-Op,g. As a rule the results quoted are the average of satisfactory duplicates. In our hands, tests with 10,utg. of F gave with duplicate errors of + 1-2%, agreeing with those of Hall (1963) .
Total fluoride was estimated after combustion. Table 1 gives the recoveries of fluoride after combustion at 400°in the presence oflithium hydroxide and magnesium. Between 10 and 100,ug. the values lie within + 5%. When less was present in the platinum crucibles the error was greater. Most of the determinations were done with amounts above 5,ug. in the crucibles. Some of the earlier results were obtained with calcium oxide at 6000; but this method was changed to that of Hall (1963) (10-20,ug./ml.) , the uptake of F was close to that reported for grass prox. 10ml.; ; the results of two re weights of typical experiments are given in Table 2 . Uptake of fluoride from low concentrations by Acacia georginae
The weights of seedlings used in Expt. 1 were: aerial parts 0-24g., roots 0-125g.; in Expt. 2 aerial parts respectively 076g., 037g., 0 46g., 0-31 g., 0-38g.; roots 017g., 01g., 012g., 012g., 013g. At least two seedlings were used for each determination. For other details see the text. It has been reported (see Sutcliffe, 1962 ) that changes of pH may alter the absorption of salts, e.g. nitrate, chloride and phosphate. An extensive study ofthe effect ofpH on the inhibition ofoxygen uptake of yeast by fluoride was made by Simon & Beevers (1952) . They concluded that the pK for HF (3.4) was influencing the results; the inhibitory action increased as the pH was changed from 7 0 to 3 0. No estimations were made ofthe amounts offluoride actually taken up. The large influence of pH in our experiments was discovered accidentally during an attempt to repeat on A. georginae the observations made on yeast by Chung & Nickerson (1953) . They found that the addition of glucose 1-phosphate antagonized the inhibitory effect of fluoride. To our surpriseglucose 1 -phosphate (1OmM)muchdecreased the uptake of fluoride from 200 and 300,ug./ml., as compared with F alone. In Expt. 1, Fig. 1 , in which plants were exposed to 200 pg./ml. for 36hr. with or without glucose 1-phosphate, the difference in both uptake and the formation of organic fluoride for the roots was some 12 times. The initial pH for the phosphate compound was 8-4 and for the fluoride alone 6-6. If the pH for the phosphate compound is started at 6 6, little difference is seen with the added phosphate, as shown in Expt. 2, Fig. 1 , where the concentration of F was also 200,ug./ml., but the exposure 48hr. The conclusion that the difference was mainly due to pH and not to phosphate was also confirmed in another experimnent, and in Expt. 3, Fig. 2 , where phosphate itself was added at an initial pH of 8-3.
Expt. pH 
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,.n *A In Fig. 2 , the behaviour of A. georginae at initial pH values of 6-6 and 4 0 has been compared. The plants were kept in a fluoride concentration of 300 ,ug./ml. for 3 days, then extracted by the method described in the protocol to the Figure. In several experiments the inorganic and total fluoride were the same within the limits of error, but at pH4-0 the amounts of F taken up by the roots was very much greater, and there was a relatively large formation of F (org.). In Expt. 5, Fig. 2 Residual fluoride. Though our main objective was to discover the conditions for the synthesis of F (org.), we noticed other points in the metabolism of fluoride in the course of the work. The total F found in the extracting fluid in these experiments (Fig. 2) did not represent all the fluoride that had been taken up, because an analysis of the solid material left behind always revealed the presence of some inorganic fluoride. With the aerial parts this did not amount to more than 20-150,g./g. of solid as a general rule; but in the roots it might be much greater, even after an extraction of the solid with warm perchloric acid (1.l0%). In Expt. 6, Fig. 2, for instance, the solid left gave a value on combustion of 8000,ig./g. It was extracted with chloroformmethanol (2:1,v/v), the extract containing only 5,tg. of F, the residue then giving an estimation of 6000,ug. of inorganic F. Further, the solid taken without extraction of the lipids released inorganic F by diffusion (7500,ug./g.). Hence in spite of our extraction with 1 % perchloric acid, fluorine appears to be left behind in a form released as inorganic F on treatment with strong perchloric acid, after the solid is dried down. We do not yet know the state of this F.
Since we get the largest formation of F (org.) in the roots after exposure to fluoride at a pH approaching 4 0, it seems likely that the C-F bond is synthesized in the root itself; but it would depend on the speed at which transfer could take place from leaf to root. We have tried to find out whether illumination affects the rate of synthesis, and have obtained rather conflicting results.
The further question arises whether all the apparent F(org.) is fluoroacetate. In one experiment, the F(org.) from the roots in Expt. 6, Fig. 2 , was examined with the thioindigo reaction (Ramsey & Patterson, 1951) and the fluoroacetate reaction was obtained, though less strongly than for an equal amount of fluoroacetate alone.
DISCUSSION
The influence of pH on the absorption of F with A. georginae follows well the results obtained by Simon & Beevers (1952) for the inhibition of the respiration of yeast by fluoride. In our work their observations on yeast are extended by using A. georginae to the proof that the fluoride is actually absorbed by the plant and, that this follows the concentration of undissociated molecules. It is not therefore merely an effect on the surface of the cell. Yet the surface may be magnifying locally the concentration of undissociated ions, because Peters (1931 Peters ( , 1963 found that there was an apparent shift in pH of 3 0 units to the alkaline side for a weak acid in the interface. Hence, at pH 4 0, HF in the interface is probably little dissociated, the pK for this being about 6-4 instead of 3-4 in bulk solution. The form in which the fluoride acts inside the cells after penetration is not decided by this type of experiment. In cell extracts, fluoride is used as an inhibitor at reactions near the neutral point. Those who have worked on variations of internal pH in a yeast cell on exposure to solutions outside ofvarying pH (Conway & O'Malley, 1946) consider that the actual pH inside the cell is little changed.
At first we thought that there was evidence of an adaptive enzyme, formed slowly in the plant in fluoride solutions. We have discarded this hypothesis as we find no marked differences between plants grown in ordinary soil and soil watered with calcium fluoride.
Some observations on chloride metabolism and the effects of fluoride on certain enzymes We have examined two of the more obvious hypotheses about possible routes of synthesis of the fluoroacetate: (a) that organo-chlorine compounds are an intermediate; (b) that synthesis follows a block in either succinate dehydrogenase or enolase (Miller, 1958; Malmstrom, 1961 Succinate dehydrogena8e. Since inorganic fluoride blocks several isolated enzymes, a possible hypothesis about the initiation of formation of the C-F bond in vivo is that this starts with the inhibition of some enzyme. For instance, a block of succinate dehydrogenase might lead to the attachment of HF to the double bond of fumarate. The reverse reaction can take place (V. Desreux, personal communication) . To investigate possible inhibition of succinate dehydrogenase, the concentration of succinic acid was measured in 'normal' and 'waterstressed' plants by the method of Rodgers (1961) . Stressed plants watered with calcium fluoride solution and then exposed to dry conditions contained approximately twice the concentration of succinic acid in both aerial parts and roots; but this relatively small accumulation suggests that any inhibition would not be severe enough to trigger off an adaptive mechanism, especially when compared with the large increase in citrate with inhibition of aconitase.
Enola8e. We confirmed that acetone-dried powders of pea (Pisum sativum) seeds prepared by the method of Evans (1955) were active. The enolase activity was measured according to the spectrophotometric procedure of Miller (1958) ; the enolase present was inhibited by fluoride plus phosphate (5-6rmr). As reported for enolase from muscle (Peters, Shorthouse & Murray, 1964) , phosphorofluoridate was not inhibitory to the enolase from pea seeds. The enolase activity prepared from acetone-dried powders of the aerial parts and roots of young, soil-grown plants of A. georginae was very low, being only 2-5% of the activity from the pea seeds. Low activities were found in both normal and fluoride-stressed plants, which could favour an inhibition.
The inhibition ofpurified enolase from pea seed by fluoride plus phosphate was largely removed by dialysis of the inhibited enzyme solution against tris buffer for 24hr. However, similar dialysis of tris extracts of acetone-dried powders from fluoridestressed plants (10 weeks watering with calcium fluoride solution) produced no increase in enzyme activity. This can be interpreted as evidence for the view that there is no significant inhibition by fluoride of enolase in vivo, but the activity of the extracts from A. georginae was very low.
Some remarks are needed about enolase and its possible inhibition in plants in vivo. According to an estimate by L.R.M., the concentration offluoride necessary in vivo must be 0-5mM (0.5p.p.m.). It could be higher in localized concentrations, but in any case seems to be much less than the usual amount offluoride in Warburg experiments (approx. 23.6mm). One case is reported (Aisenberg & Potter, 1955) in rat liver and kidney homogenates where acetate activation was inhibited by 0-1 mM-sodium fluoride without affecting pyruvate oxidation, oxidation rate or the concentration of adenine nucleotides. Bonner & Thimann (1950) and Ordin & Skoe (1963) , with Avena coleoptiles, observed an inhibition of growth, thought to be due not to inhibition of enolase but rather to inhibition of phosphoglucomutase; the latter conclusion has been stressed in work by Yang & Miller (1962 
